Purpose Our prospective clinical and electrophysiological study of children suspected of Leber's congenital amaurosis (LCA) was aimed to follow-up the course of their visual dysfunction.
Patients and methods
Thorough neurological and ophthalmological examinations were also carried out to exclude patients with neurodegenerative or metabolic diseases. All had computed tomography (CT) and/or MRI of the head. Electrophysiological testing was carried out at least on two occasions. The recording procedures followed the Great Ormond Street Hospital protocol. 13 In alert children without pupil dilatation ERGs were detected by conventional silver-silver chloride cup electrodes attached to the lower eyelid and referred to Fz. YEP electrodes were applied to the posterior scalp: the midline electrode was placed at Oz (10% of the nasion-to-inion separation) and the two lateral electrodes to either side of the midline electrode (20% of the right to-left mastoid distance, approximately 4 cm). All electrodes were referred to a common midfrontal reference (Fz).
ERG and YEP activity to bright white, red, and dim blue flashes, as well as to 30 Hz and pattern-reversal stimulation, were recorded. Testing in all conditions was binocular. A Grass PS22 photic stimulator (with filters) was used for delivering bright white flashes (intensity setting 4), bright red flash (red filter; peak transmission from 670 nm, intensity setting 4), dim blue flash (blue filter; peak transmission 470 nm, intensity setting I) and 30 Hz white flash stimulation (intensity setting I). All flash testing was performed under fully darkened conditions (scotopic conditons).
Checkerboard stimuli were presented on a television screen subtending 25° horizontally and 20° vertically. The check sizes were 6°, 3°, 100' and 49'. The luminance was 120 and 2 cd/m 2 for the white and black checks, respectively.
The stimulation rate of the flash and pattern was 2 Hz. The analysis time for both the ERG and YEP recordings was 250 ms, and the bandpass 1-250 Hz. Between 50 and 100 responses were averaged and repeated at least twice.
ERG and YEP findings in LCA children were compared with those in age-matched normal children.
Results

Clinical examination
Children were first examined at between 3 and 17 months of age. They all had nystagmus (roving eyes in 2 children) and poor vision. None had a family history of LCA or a sibling with the disease.
The main ophthalmological findings of the first and the last examinations are presented in Table 1 . The children's outer and anterior eye segments were unremarkable; their optic media were clear. At the first examination they were all mildly photophobic and had sluggish pupils. Seven of them poked their eyes. The optic disc was not atrophic in all 9 cases, but appeared hypoplastic in 5 (cases 3, 5, 6, 8, 9) . There was a clinical ophthalmoscopic impression of about a 10-20% smaller disc diameter, excluding the optic effect of higher refractive error. Retinal vascular attenuation was moderate in cases 1 and 6. The macular reflex was clear in three children (cases 5, 8, 9) , while in others it was only slightly abnormal (not so clear), without extra granularity and hyper-or hypopigmentation. Peripheral retinal pigment mottling -a sign of mild retinal dystrophy -was noticed in 4 children (cases 1, 2, 3, 8) . No other specific pathology, such as bone spicules or large dystrophic areas or macular coloboma, was found. Visual acuity was poor, ranging from light perception up to 0.01 in the better eye. All the children were hypermetropic (with or without hypermetropic astigmatism), with refractive errors ranging from +3.5 to +7.5 dioptres. They were included in a blind or low vision rehabilitation programme. CT scans and/or MRI of the head were normal in 6 children. In 1 (case 3) there was evidence of an enlargement of the ventricles, while in 2 cases slight atrophy of the brain was shown (cases 5, 8) . None of the children had hearing loss, but all showed evidence of mild neurodevelopmental delay on the first examination. No syndrome or association with retinal dystrophy could be found.
On the last clinical examination 3-46 months later (mean follow-up 26.2 months), the nystagmus was slightly reduced in its frequency and amplitude in all the children. Four children had enophthalmos (severe eye poking), 4 were esotropic and 1 exotropic. Photophobia was less severe in 5 children, but none had conspicuous problems navigating in the dark. The fundoscopic appearance did not show much deterioration either, especially of the macula, which mostly retained its reflex. There was a very moderate progression of retinal vascular attenuation in most cases and slightly more peripheral retinal pigment mottling in 2 children (cases 4, 5), while in case 1 there was no longer a sign of mild retinal dystrophy. Preferential looking and/or with Cambridge acuity cards showed very poor vision in all the children (ranging from light perception to 0.04). Two children (cases 4, 9) were able to name colours of toys and pencils at a distance of 15 cm; however, their visual acuity was insufficient to allow any clinical colour testing. Refractive errors did not change much during follow-up (ranging +2.0 to 7.0 dioptres).
All the children had caught up the delay in their neurodevelopment, most likely thanks to the effective low vision rehabilitation programme and appropriate central nervous system development. None of them had seizures during follow-up, or any systemic disorders which are known to be or could be associated with retinal dystrophies. Only 1 child (case 5) still had some motor problems and seborrhoeic dermatitis; another (case 1) had an open foramen ovale and mild tricuspid valve insufficiency.
ERG and VEP findings
All nine children suspected of LCA were tested electrophysiologically at least twice. ERG and YEP data are presented in Table 2 . For the first recording, infants 
. and VEP were extinguished. In another 9-month-old child ERG activity was also extinguished, but flash YEP was not significantly attenuated (Fig. 2) .
On subsequent recordings the test protocol was 
ERG and VEP follow-up
ERGs and VEPs to bright white flash stimulation on the first and th � last recordings are presented in Figs. 4-6. Patients' recordings were compared with those of the age-matched controls. At the first recording, the age range of the patients was 3-17 months (mean 7.6 months), and 4-19 months (mean 7.7 months) for controls. At the last recording the age range of the patients was 12-63 months (mean 33.8 months), while that of the controls was 11-63 months (mean 31.8 months). Flash ERG activity was not detectable in 8 children suspected of LeA on the first recording; for case 9 the recording was unsatisfactory. On the last examination the ERG to bright white flash was detected only in case 9: although the b-wave was reduced, this was not below 10.7 f.L V (-2 SD limit of normality) (Fig. 4) . Flash YEP activity was detectable in 6 of the 9 children suspected of LeA on the first examination, and in all of them on the last examination (Fig. 5) . Mean flash YEP amplitudes of children suspected of LeA were significantly attenuated compared with normal controls on the last examination (p = 0.054).
Follow-up recordings (after 3-46 months; mean follow-up 26.2 months) showed no deterioration of flash YEP activity (Figs. 5, 6 ). Between the first and the last recordings the Mann-Whitney test showed no significant difference in mean amplitudes (p = 0.775) and latencies (p = 0.775) to white flash stimulation. Individual recordings presented in Table 2 show that YEP to white flash stimulation improved in 3 children, remained stable CT scan, which excluded Joubert syndrome. In a recent study, normal flash VEPs and an unrecordable flash ERG were also found in LCA children.
IS
In our study the VEP latency of the positive wave to white flash stimulation exceeded the upper normal value in 3 children suspected of LCA on the first examination and in 4 at the last examination. In 1 child, interestingly, only one (late) positive component was prominent in the first recording. Subsequently, an early positive component emerged ( F ig. 7). Therefore, when interpreting VEP latency in LCA children, maturation of the VEP waveform should also be considered.
All our children had very low visual acuity levels (0.01-0.04) and recordable flash VEP on the last examination. This is in accordance with the previous findings, according to which flash VEP was recordable in LCA children whose visual acuity was at the level of light perception or hand movement. 4 , 9 , 1l On the other hand, pattern VEP was detectable in 1 of our 6 children whose attention could be directed towards the stimulus pattern. Also, only in 2 of 43 LCA children was VEP detectable to pattern-reversal stimulation, with the 7° checks Y In the case of LCA presented by Apkarian and Spekreijse, 21 a 14-month-old child yielded clear onset VEP responses to 110 min and 9 min checks but the response disappeared at 6 min checks. It seems that this finding may not be characteristic of LCA. However, a recent study by Saunders et al. 22 showed that pattern onset stimuli produce larger, better-quality VEP than pattern reversal when nystagmus is present.
In our group of children suspected of LCA mild fundoscopic changes (retinal vascular attenuation, peripheral retinal pigment mottling), high refractive error, nystagmus, eye poking and poor vision were important for diagnosis, but were non-specific for clinical and electrophysiological outcome. There was no correlation between the results of electrophysiological testing and the clinical examinations. Those with better vision did not tend to have better flash VEP. Also, in case 1 pigmentary changes were noticed on the first but not on the last examination, while in case 2 were pigmentary changes noticed on both occasions. However, in both children (cases 1, 2) flash VEP was absent on the first examination but present on the last examination.
It may be concluded that on the grounds of the clinical examination all our 9 children were diagnosed as having LCA. Electrophysiological findings were in accordance with the diagnosis of LCA in 8 children, while in 1 LCA or any other rod/ cone dystrophy remains to be confirmed. The follow-up revealed no deterioration of the flash VEP activity in the majority of children with LCA.
